The burying ability and grain size selection of hatchery-reared marbled sole and Japanese flounder juveniles were studied using sand of various grain sizes.
The marbled sole Limanda yokohamae and the Japanese flounder Paralichthys olivaceus are distributed in waters around Japan and both species are commercially important.
The juveniles are mass-produced for enhancement of stock and are released into the sea. These juvenile fish must be released at an optimum time and place to give them the best chance of survival and recruitment to the adult stock. However, mainly due to lack of fundamental information on behavior of the juveniles, this has not yet been fully realized.
Among the factors concerning successful release, the condition of the seabed is particularly important for flatfishes. Although we can find various papers on the ecology of these two species,1-3, *2-4 substratum preference remains poorly understood. The main purpose of this study is to 
Results

Degree of Concealment
The time-related changes in buried area of 35mm-size marbled sole juveniles, examined under 0.25-0.5mm grain size, are shown in Fig. 1 . A majority of the juveniles buried their body into the sand immediately after transfer to the container. The average buried area was 53% 30 min. after transfer, but decreased gradually with time: 47 (2hrs), 39% (4hrs) and 14% (8hrs).
This change with time differed from that of flounder juveniles,4) in which the degree of concealment reached a maximum three or four hours after transfer with gradual decreases later.
From this result, we decided to measure the degree one hour after transfer in the subsequent experiments.
The relation between the buried area and grain size is shown in Fig. 2 relationship between the buried area and fish size was recognized,
In the largest size group of 80.6mm TL, the buried areas of more than 40% were found in 1-2mm grain size in contrast to nearly 0% in the other two size-groups. These facts show that the burying ability becomes more developed with growth. Table 3 . Significant differences from an expected ratio of 50: 50 were observed with the combinations of 0.25-0.5mm with -0.125mm, 1-2mm, 2-2.83mm (x2 test, p<0.01). No significant differences were found with the combinations of 0.25-0.5mm with 0.125-0.25mm, 0.5-1mm.
3. Marbled sole and flounder: The results for this experiment, which aimed to examine the speciesspecific difference between the two species are shown in Table 4 . Experiments with 6 juveniles (case A) and 10 juveniles (case B) of each species both show a slight preference of marbled sole for the finer sand (0.25 -0.5mm ingrain size). This difference between the two species was significant (Mantel-Haenszel test, p=0.021).
Discussion
In the present experimental conditions, 35 mmsize and 58.7mm-size marbled sole juveniles were able to bury themselves in sand of less than 1mm in diameter and, except for less than -0.125mm grain size, a negative relationship between the buried area and grain size was found. A similar tendency was observed in Japanese flounder juveniles.4) The increase in burying ability with growth was inferred from the experimental result that the degree of concealment was higher in larger-size groups, and that the largest group of 80.6mm TL was able to bury themselves even in 1-2mm sand. This trend seems to show an enlargement of habitat of juvenile marbled soles as they grow. From the tendency above, mentioned juveniles should be released at an appropriate place for their size-related burying abilities.
In Kareius bicoloratus under experimental conditions. The results also support the possibility that substratum grain size may be an important factor in habitat selection. In the present experiments marbled sole and flounder juveniles clearly exhibited preferences related to sand grain size. The relationships between preference index and buried area in both species are shown in Fig. 3 . The positive correlations found in both species suggest that those juveniles prefer sand in which they can bury themselves more easily.
Yasunaga and Koshiishi7) showed that Japanese flounder juveniles are less vulnerable to predation by black sea bream Acanthopagrus schlegeli, when the bottom of the tank was covered with sand. This means that burying behavior is ecologically important in minimizing predation risk. Therefore it was concluded that the substratum was a very important factor for survival of flatfish juveniles in relation to their burying ability
The tendency of marbled soles to choose sandgrain smaller than those preferred by flounders was demonstrated in the present experiment. The difference was small but statistically significant. As previously cited, the marbled sole exhibits a stronger preference for sand than gravel substrata as compared with stone flounder, under the same experimental conditions.6) In his reviews for the early life history of pleuronectiforms, Minami8) shows species-specific nursery habitats, This habitat segregation may be attributed to the physical conditions of the seabed, such as the grain size of the substratum.
